The formation of a placenta is critical for successful mammalian pregnancy and requires remodelling of the uterine epithelium. In eutherian mammals, remodelling involves specific morphological changes that often correlate with the mode of embryonic attachment. Given the differences between marsupial and eutherian placentae, formation of a marsupial placenta may involve patterns of uterine remodelling that are different from those in eutherians. Here we present a detailed morphological study of the uterus of the brushtail possum (Trichosurus vulpecula; Phalangeridae) throughout pregnancy, using both scanning and transmission electron microscopy, to identify whether uterine changes in marsupials correlate with mode of embryonic attachment as they do in eutherian mammals. The uterine remodelling of T. vulpecula is similar to that of eutherian mammals with the same mode of embryonic attachment (non-invasive, epitheliochorial placentation). The morphological similarities include development of large apical projections, and a decrease in the diffusion distance for haemotrophes around the period of embryonic attachment. Importantly, remodelling of the uterus in T. vulpecula during pregnancy differs from that of a marsupial species with non-invasive attachment (Macropus eugenii; Macropodidae) but is similar to that of a marsupial with invasive attachment (Monodelphis domestica; Didelphidae). We conclude that modes of embryonic attachment may not be typified by a particular suite of uterine changes in marsupials, as is the case for eutherian mammals, and that uterine remodelling may instead reflect phylogenetic relationships between marsupial lineages.
Introduction
The mammalian placenta is a complex organ that supports embryonic growth and development within the uterus. Placentae vary considerably both between and within mammalian groups (Mossman, 1987; Murphy, 1998) . The definitive placentae of eutherian mammals form from the allantois (chorioallantoic placenta; Wooding & Flint, 1994; Wildman, 2016) . In contrast, marsupial placentae form from the yolk sac (choriovitelline placentae; Tyndale-Biscoe & Renfree, 1987; Freyer et al. 2002) . Modes of embryonic attachment also vary considerably, even within mammalian families, and show a continuum of invasion of the uterus by the embryo (Wildman, 2016) : from non-invasive epitheliochorial placentation (Ferner & Mess, 2011; Wildman, 2016) exhibited by eutherian ungulates (Ferner & Mess, 2011) and both macropodid and phalangerid marsupials (Tyndale-Biscoe & Renfree, 1987) , to invasive endotheliochorial placentation and the highly invasive haemochorial placentation of rats and humans (Mess, 2014) . Diversity in embryonic attachment is a likely driver of mammalian placental diversity (Wildman, 2016) . In all cases studied thus far, formation of a placenta requires intimate contact between embryonic cells and a receptive uterine epithelium (Schlafke & Enders, 1975; Murphy, 2004; Wu et al. 2011) . Receptivity can only occur under strict uterine conditions (Paria et al. 2002; Murphy, 2004) and involves remodelling of the uterine epithelium -termed the plasma membrane transformation -to produce a brief window for attachment (Murphy, 2004; Zhang et al. 2013 ). This remodelling occurs irrespective of mode of embryonic attachment in eutherian mammals, but some specific cellular changes involved in receptivity often correlate with attachment mode. For example, many species with epitheliochorial placentation, including camels (Abd-Elnaeim et al. 1999) , pigs (Dantzer, 1985) and roe deer (Aitken, 1975) , develop large projections that increase the surface area for attachment. In contrast, species with haemochorial placentation, including rats and humans, undergo cell death and sloughing of regions of the uterine epithelium, which facilitate highly invasive implantation (Enders & Schlafke, 1967; Schlafke & Enders, 1975; Moffett & Loke, 2006) . These differences suggest that specific modes of implantation necessitate particular uterine changes.
In contrast to eutherian mammals, uterine remodelling has been studied in detail in only a handful few marsupial species, including the dasyurid Sminthopsis crassicaudata (endotheliochorial placentation; Roberts & Breed, 1994; Laird et al. 2014) , the didelphid Monodelphis domestica (endotheliochorial placentation; Zeller & Freyer, 2001 ) and the macropodid Macropus eugenii (epitheliochorial placentation; Freyer et al. 2003) . Marsupial pregnancy differs from that of eutherian mammals in several important respects (Zeller & Freyer, 2001; Freyer & Renfree, 2009 ). In addition to placental differences, gestation is relatively short and is shorter than the oestrous cycle (Carter, 2008; McAllan, 2011) . Young are born extremely altricial and most organ growth and development occurs after birth during an extended lactation period in the pouch (McAllan, 2003; Shaw & Renfree, 2006) . In addition, marsupial embryos are surrounded by a shell coat (Renfree & Shaw, 2000; Ferner & Mess, 2011) until they implant late in their gestation (approximately two-thirds of the way through; Rothchild, 2003) relative to eutherian embryos. The relationship between uterine remodelling and mode of embryonic attachment in marsupial pregnancy is unknown, but given the major differences between marsupial and eutherian pregnancy, we predict that uterine remodelling is not influenced by mode of embryonic attachment in marsupials, unlike in eutherian mammals.
We describe morphological changes to the uterine epithelium of the brushtail possum (Trichosurus vulpecula) throughout pregnancy using both scanning and transmission electron microscopy. Like M. eugenii, T. vulpecula has epitheliochorial (non-invasive) placentation (Pilton & Sharman, 1962 ). Thus T. vulpecula is ideal for comparison with other marsupial species so far studied to identify possible relationships between uterine morphology and mode of placentation. We predict that the uterus of T. vulpecula undergoes remodelling in preparation for pregnancy, but that the specific cellular changes are different from those of other mammalian species with epitheliochorial placentation.
Materials and methods

Study species
Trichosurus vulpecula has an oestrous cycle of 28 days (TyndaleBiscoe, 2005 ) and a 17.5-day gestation period (Pilton & Sharman, 1962) . Ovulation alternates between ovaries and only one uterus carries an embryo at a time (monovular; Renfree, 2000; Sizemore et al. 2004; Tyndale-Biscoe, 2005) . As is the case for most marsupials, and unlike in eutherians, conception does not affect the course of the oestrous cycle in T. vulpecula (Tyndale-Biscoe & Renfree, 1987) . Ovarian, hormonal and gross uterine changes are similar during both pregnancy and the non-pregnant oestrous cycle in T. vulpecula (Pilton & Sharman, 1962) . Hence, a pseudopregnancy (luteal phase occurring in the non-pregnant uterus; Pilton & Sharman, 1962) , which is largely indistinguishable from a pregnancy, occurs as a part of every normal oestrous cycle. Ovulation of a single egg occurs 1-2 days after oestrus and attachment of the embryo occurs approximately 14 days after conception, with birth 3-4 days later (Tyndale-Biscoe, 2005) . In females that give birth, lactation suppresses ovulation until the young leaves the pouch at approximately 110 days post-oestrus, at which time the female can again enter oestrus.
Tissue collection and processing
Uterine and ovarian tissues of female brushtail possums were collected opportunistically from a cull undertaken with animal ethics permission from Landcare Research, New Zealand (AEC approval no. 12/02/01) in the Orongorongo Valley near Wellington, New Zealand. The main breeding season for brushtail possums in New Zealand occurs from February to April (Tyndale-Biscoe, 1955; Crawley, 1973 ). Tissues were collected over two seasons (April 2014 and March 2015) to obtain a complete set of reproductive stages. Tissues were collected from a total of 18 females (17 cycling, one juvenile). Ovaries were fixed in 10% neutral buffered formalin for 24 h and stored in 70% ethanol (EtOH). Uterine tissue was excised and processed for scanning electron microscopy (SEM) and transmission electron microscopy (TEM).
Light microscopy of ovaries and reproductive staging
Whole ovaries were gradually dehydrated to 100% EtOH and then embedded in paraffin. Paraffin blocks were serially sectioned at 7 lm using a Tissue-Tek Accu-Cut TM microtome (Sakura, Tokyo, Japan) and sections were mounted on gelatin-coated slides and stained with haematoxylin and eosin (Drury & Wallington, 1980) . Images were captured using an Olympus DX-53 digital microscope (Olympus, Tokyo, Japan). Sections were examined for the presence of follicles and corpora lutea (ovulated follicles; Shorey & Hughes, 1973; Selwood & Woolley, 1991) and the maximal size of each corpus luteum was measured using CELLSENS software. The stage of the oestrous cycle of each female (approximate number of days postoestrus) was estimated using maximal corpus luteal sizes and gross reproductive tract morphology, including relative size and vascularization of uteri and the vaginal cul-de-sac (e.g. Crawford et al. 1997 Crawford et al. , 1999 , and the relative size difference between the gravid and non-gravid uterus (e.g. Pilton & Sharman, 1962) . Females with similar ovarian and uterine morphology were grouped together into one of five stages post-oestrus: Stage 1 (0-6 days post-oestrus; n = 5), Stage 2 (7-11 days post-oestrus; n = 5), Stage 3 (11-13 days post-oestrus; n = 3), Stage 4 (13-17.5 days post-oestrus; n = 3), Stage 5 (> 17.5 days post-oestrus; n = 1). Four females from Stages 2 and 3 were confirmed pregnant, as embryos were found in the uterus. The ovarian and uterine changes of pseudopregnant females are indistinguishable from those of pregnancy until after 12 days post-oestrus, when relative differences in size and vasculature of pregnant and pseudopregnant uteri appear (Pilton & Sharman, 1962) . Hence, pregnant and pseudopregnant females at the same stage post-oestrus were grouped together where applicable. One juvenile female (anoestrus) is included for comparison with cycling females.
Transmission electron microscopy (TEM)
Uterine tissue for TEM was fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer (PB) for 2 h then rinsed in 0.1 M PB. Samples were post-fixed for 1 h in 4% osmium tetroxide (OsO 4 ) with 0.8% potassium ferrocyanide [K 4 Fe(CN) 6 ] to enhance membrane contrast (Hulstaert et al. 1983) , followed by thorough rinsing in 0.1 M PB, then 50% EtOH and 70% EtOH, and further dehydration to 100% EtOH. Samples were cut into pieces of approximately 0.5 mm 3 and slowly infiltrated with Spurr's resin (Agar Scientific, Essex, UK) in increments of 25%. Tissue pieces were then polymerized at 62°C overnight in individual BEEM â capsules. A Leica Ultrastat 7 cryostat (Leica, Heerbrugg, Switzerland) was used to cut semithin (200 lm) and ultrathin (70 lm) sections, and ultrathin sections were transferred to 200-lm mesh copper grids (ProSci Tech, Queensland, Australia). Sections on grids were post-stained by flotation of each grid on a drop of 2% uranyl acetate for 10 min, thorough rinsing in warm water, then floating on a drop of Reynolds lead citrate surrounded by sodium hydroxide (NaOH) pellets for 10 min, followed by further rinsing (Hayat, 1986) . Grids were allowed to air dry before imaging using a Zeiss Sigma HD VP STEM (Zeiss, Oberkochen, Germany). Images were collected from at least two grids from each of three blocks of tissue per female.
Scanning electron microscopy (SEM)
Uterine tissue for SEM was dissected to expose the interior surface. Samples were fixed in 2.5% glutaraldehyde in 0.1 M PB for 2 h, thoroughly rinsed in 0.1 M PB, then post-fixed in 4% osmium tetroxide (OsO 4 ) for 1 h (4 drops osmium and 15 drops 0.1 M PB), followed by rinsing in 0.1 M PB, distilled water, 50% EtOH, and 70% EtOH. Samples were gradually dehydrated to 100% EtOH as for TEM tissue, and dried using a Leica EM CPD300 Critical Point Dryer (Leica, Wetzlar, Germany) using carbon dioxide as the drying agent. Samples were then mounted onto aluminium stubs with a layer of carbon tape and coated with a 15-nm layer of gold. Images were captured on a JEOL NeoScope JCM-600 Tabletop SEM (Tokyo, Japan) and a Zeiss Sigma HD VP STEM (Zeiss, Oberkochen, Germany).
Cellular composition
The cellular composition of the uterine surface was identified by comparing the relative abundance of distinct cell types throughout pregnancy. Scanning electron micrographs were taken of at least three uterine regions per animal, between 5009 and 20009. Each cell in an image was allocated to a cell type, although damaged cells, or cells that could not be clearly identified, were not counted. Proportions were obtained by dividing the total number of each cell type by the total number of cells in the image. Proportions for each animal were arcsine-transformed (Dytham, 2011) . The analysis was applied until SEM < 0.05 for each cell type for each animal (Aherne & Dunhill, 1982) .
Results
Light microscopy of ovaries
Ovaries of all cycling females contained a corpus luteum and numerous primordial, primary and secondary follicles (Fig. 1) . Immediately following oestrus (Stage 1; Fig. 1A ), the average maximum corpus luteum diameter was 160 AE 22 lm, increasing to 1730 AE 233 lm by the start of the luteal phase (Stage 2; Pilton & Sharman, 1962; Fig. 1B) and 3593 AE 314 lm by Stage 3 (Fig. 1C) . The greatest average diameter of the corpus luteum occurred during Stage 4 (4469 AE 137 lm), whereas the diameter of the post-partum corpus luteum was 3425 lm.
Electron microscopy of uteri
Stage 1: 0-6 days post-oestrus The uterine surface is flattened, with many visible gland openings ( Fig. 2A) . Uterine epithelial cells at this stage are uniform and form a single layer of columnar cells with large nuclei located in the mid-cytoplasm ( Fig. 2A,B) . Cell apices are flattened or slightly domed with occasional sparse microvilli (Fig. 2C,D) . Most cells have prominent raised cell borders, and no ciliated cells are present. The basal plasma membranes of uterine epithelial cells are highly folded. Cells at this stage also possess relatively few organelles, although rounded mitochondria are prominent in secretory cells ( Fig. 2D ) and some cells possess small secretory droplets. Densely packed stromal cells immediately underlie the uterine epithelium and large blood vessels occur deep in stromal tissue (Fig. 2E) . Glandular epithelial cells, such as luminal epithelial cells, form a single layer of uniform columnar cells, although the basal plasma membranes of these cells are not folded.
Stage 2: 7-11 days post-oestrus The uterine surface is folded at this stage ( Fig. 3A) and uterine epithelial cells are more irregular than at Stage 1 (Fig. 3B ). Cells in some areas are pseudostratified columnar (Fig. 3B ). Cell apices are more rounded than at Stage 1 (Fig. 3C ) and possess sparse microvilli covered in glycocalyx fibres (Fig. 3B) . Scattered ciliated cells are dispersed among the microvillous cells (Fig. 3C ). Luminal cells are domed and secretory in appearance near the openings of uterine glands. Some secretory droplets occur in the uterine lumen (Fig. 3B) . The stromal area around these vesicles is largely devoid of cells, with fewer stromal cells overall than previously (Fig. 3D) . Glandular epithelial cells are elongated and pseudostratified columnar by this stage and are secretory (Fig. 3E ). Blood vessels underlie the uterine epithelium (Fig. 3D ).
Stage 3: 11-13 days post-oestrus By Stage 3, most uterine epithelial cells are rounded with domed apices (Fig. 4A,B) , and many have short spiky microvilli (Fig. 4A ). These cells are secretory in appearance and some even appear to be budding off into the uterine lumen (Fig. 4C,D) . These cells are pseudostratified columnar and elongated relative to previous stages (Fig. 4D) . Abundant organelles and secretory vesicles are present in the cytoplasm, particularly rounded mitochondria, dark-staining vesicles in the apical region, and elongated nuclei (Fig. 4B) . Glands are not obvious in the stroma at this stage.
Stage 4: 13-17.5 days post-oestrus By this stage, the uterine surface is more folded than for previous stages. Uterine epithelial cells form a mixed population of cells with short microvilli, ciliated cells, and domed protruding cells (Fig. 5A,B) . These domed cells appear highly secretory, as for the previous stage, but protrude further into the uterine lumen (Fig. 5B,C) . Uterine epithelial cells possess large pale nuclei and numerous round mitochondria (Fig. 5C ). Some cells also have large lipid-filled vesicles, and scattered smaller vesicles (Fig. 5C ). Scattered pale degenerative cells occur in the uterine epithelium by this stage. Blood vessels underlie the uterine epithelium (Fig. 5D ), although some are distorted. In some regions of the uterus, endothelial and stromal cells are interspersed (Fig. 5C ), particularly where luminal cells are extremely domed. As for Stage 2, large vacuoles occur in the stroma, which by this stage almost displace the uterine epithelium, as well as some long, thin stromal cells and abundant acellular material (Fig. 5C ). No obvious glands occur in the stroma at this stage.
Stage 5: > 17.5 days post-oestrus (postpartum) The uterine surface is flattened relative to previous stages and cells are less domed than previously (Fig. 6A) , forming a mixed population of cells similar to Stage 4. Some larger cells possess short spiky microvilli (Fig. 6A,B) . Numerous ciliated cells are scattered throughout (Fig. 6B ) and these contain abundant small round mitochondria and prominent basal bodies (Fig. 6C ). Many small secretory droplets occur in the uterus (Fig. 6B) . Some regions of the uterus are highly secretory (Fig. 6D) . Cells in these regions are highly disorganized and appear to be actively shedding cytoplasmic material into the lumen. Occasional intercellular spaces occur (Fig. 6D ).
Anoestrus -juvenile female
The uterine surface is folded with numerous gland openings and ciliated cells (Fig. 7A) . Uterine epithelial cells are pseudostratified columnar and extremely elongated and irregular (Fig. 7B) . The cytoplasm of these cells is denser than for cycling females, with an elongated nucleus, numerous secretory vesicles and round mitochondria in the apical region of the cytoplasm (Fig. 7B) . The uterine stroma is tightly packed with cells. 
Cellular composition
Five cell types were identified on the uterine surface: bare surface, sparse microvilli, dense microvilli, blebbing cells and ciliated cells (Fig. 8A) . Immediately post-oestrus (Stage 1), bare and sparsely microvillous cells dominate the uterine surface (Fig. 8B) . The uterine epithelium becomes progressively more heterogeneous, leading up to implantation as ciliated and blebbing cells become common. Postpartum, the population of cells resembles that of Stage 2.
Discussion
Uterine remodelling occurs throughout pregnancy and pseudopregnancy in T. vulpecula (Fig. 9 ). Ovulation and formation of a corpus luteum occur 1-2 days after oestrus in T. vulpecula (Tyndale-Biscoe, 2005) and uterine epithelial cells in this post-oestrus proliferative phase are distinctly flattened and uniform. These cells become less uniform with domed apices by the start of the luteal phase approximately 7 days post-oestrus (Stage 2), corresponding to formation of the unilaminar blastocyst (Pilton & Sharman, 1962) and maximal size and vascularization of the uterus (Crawford et al. 1997) . By 13 days post-oestrus (Stage 3), luminal epithelial cells are even more domed, elongated and actively secreting, coinciding with a period of rapid blastocyst expansion (Pilton & Sharman, 1962; Hughes & Hall, 1984) . Dramatic cellular changes occur around the time of shell coat rupture and attachment of the embryo to the uterine wall (approximately 14.5 days post-oestrus; Stage 4; Hughes & Hall, 1984) , when blood vessels come to underlie the uterine epithelium, and the apices of luminal epithelial cells are extremely domed and project into the lumen. Cells maintain this secretory morphology for the remainder of pregnancy. Uterine remodelling is most extensive, leading up to rupture of the shell coat in T. vulpecula (Stage 3). Substantial remodelling during this period also occurs in the didelphid Monodelphis domestica (endotheliochorial placentation) which, like T. vulpecula, develops highly domed and secretory luminal epithelial cells (Zeller & Freyer, 2001) . Luminal cells of the macropodid, M. eugenii (epitheliochorial placentation), also become domed and rounded, although not secretory (Freyer et al. 2002) , and those of the dasyurid, S. crassicaudata (endotheliochorial placentation), develop complex apical structures thought to increase the surface area for attachment (Laird et al. 2014) . The marsupial shell coat acts as a physical barrier between the embryo and the uterine environment for most of pregnancy (Renfree & Shaw, 2000) . Hence, remodelling leading up to shell coat rupture is expected in the marsupial uterus, as the majority of nutrient uptake occurs after hatching, when the embryo can directly interact with maternal cells (Renfree & Shaw, 2000) . Uterine epithelial remodelling is also similar to that of the vaginal cul-de-sac epithelium before ovulation in T. vulpecula (Crawford et al. 1999) . Remodelled cul-de-sac cells are dramatically elongated with a 17-fold greater cytoplasmic volume than at the start of the oestrous cycle (Crawford et al. 1999) . Dramatic cellular changes throughout the reproductive tract demonstrate that epithelial remodelling is critical to reproductive success in T. vulpecula. Cellular diversity of the uterine epithelium increases leading up to implantation in T. vulpecula. Immediately postoestrus, the uterine epithelium consists predominately of bare or sparsely microvillous cells, whereas densely microvillous, ciliated, and blebbing cells become increasingly common in later stages. The epithelium then begins to revert to the non-receptive state postpartum. These findings are consistent with the previous finding that both progesterone and oestradiol promote ciliogenesis and an increase in microvillar density in the uterus of T. vulpecula (Shorey & Hughes, 1973; Arnold & Shorey, 1985; Sizemore et al. 2004) . Increasing heterogeneity in the uterine epithelium throughout pregnancy is unexpected, as remodelling in rodents (Murphy et al. 2000) , ungulates (Wooding & Morgan, 1995; Murphy et al. 2000) , rabbits (Winterhager & Denker, 1990) , bats (Potts & Racey, 1971) , and the marsupial species S. crassicaudata, results in a uniform, flattened and well-ordered epithelial layer (Murphy et al. 2000; Laird et al. 2014) . In these species, uniformity is thought to facilitate close apposition to, and in some cases invasion of, the uterine epithelium by the embryo (Murphy et al. 2000; Laird et al. 2014 ). Since embryos of T. vulpecula only superficially interact with the uterine epithelium (Hughes, 1974) , a heterogeneous uterine epithelium, with cells presumably capable of diverse functions (Shorey & Hughes, 1973) , may be required to maintain embryos which do not implant invasively. Gland abundance and secretory activity declines in late pregnancy in T. vulpecula, as both glands and stromal cells become progressively less common from 11 to 13 days postoestrus. Gland abundance also decreases during pregnancy in many mammal species (Abd-Elnaeim et al. 1999; Zeller & Freyer, 2001; Freyer et al. 2002; Freyer & Renfree, 2009) , and typically reflects a shift from histotrophic nutrient provision to the embryo (i.e. material secreted by uterine glands; Wildman, 2016) to haemotrophic nutrient provision (i.e. secretion of material from the maternal blood circulation by luminal epithelial cells; Wildman, 2016) . Initial pre-attachment development of mammalian embryos is supported by histotrophes from uterine glands (Wooding & Burton, 2008) , whereas haemotrophes support growth post-attachment, either through direct embryonic contact with maternal blood, or diffusion/active transport of haemotrophes from maternal blood followed by secretion by the uterine epithelium into the uterine lumen (Freyer et al. 2003) . As implantation in T. vulpecula is not invasive, the dramatic increase in luminal epithelial cell secretion, which precedes shell coat rupture, suggests that a shift from histotrophic to haemotrophic nutrient provision also occurs in this species (Zeller & Freyer, 2001 ). This hypothesis is supported by uterine modifications in T. vulpecula during pregnancy that also facilitate transfer of haemotrophes in other mammalian species with epitheliochorial placentation (Abd-Elnaeim et al. 1999) , including migration of blood vessels closer to the uterine epithelium (Stage 4), development of deep folds in the basal plasma membrane of uterine epithelial cells, and an increase in abundance of ciliated and densely microvillous cells in the uterine epithelium at Stages 3 and 4, which increase the cell surface area for secretion (Sizemore et al. 2004) . After shell coat rupture, blood vessels in some regions break down and release fluid and blood cells into the stroma, which may then be transported directly into the uterine lumen transcellularly via bulk flow (Fig. 5C) .
The changes involved in uterine remodelling in T. vulpecula, including development of large uterine projections and modifications to support haemotrophic transfer, are thus generally consistent with those of eutherian mammals with epitheliochorial (non-invasive) placentation, including camels (Abd-Elnaeim et al. 1999) , sheep (Guillomot et al. 1981) and pigs (Dantzer, 1985) . This finding suggests a relationship between morphology and placental mode in marsupials, which is unexpected, given the different reproductive strategies used by eutherian mammals and marsupials. However, this hypothesis is not supported by the morphological changes of other marsupial species. For example, similarities occur between uterine changes in T. vulpecula and M. eugenii (epitheliochorial placentation), including migration of blood vessels towards the luminal surface and folding of the basal plasma membrane of luminal cells; however, remodelling in these two species differs in several important ways. In contrast to T. vulpecula, pregnancy in M. eugenii involves an extended phase of glandular secretion, which continues until birth (Renfree, 1980 ; et al. 2002) , while minimal luminal cell secretion occurs. Hence, unlike T. vulpecula, both histotrophic and haemotrophic nutrition support embryonic development after attachment in M. eugenii (Freyer et al. 2002) . In addition, M. eugenii displays maternal recognition of pregnancy, as the endometrium proliferates only in response to the presence of an embryo (Renfree, 2000; Freyer et al. 2002) , whereas in T. vulpecula, uterine remodelling occurs in both the pregnant and non-pregnant oestrous cycle. Interestingly, uterine changes in T. vulpecula are similar to those of M. domestica, which has invasive endotheliochorial placentation, as M. domestica also demonstrates many of the uterine changes typical of eutherian species with non-invasive implantation (Freyer & Renfree, 2009 ). Thus although uterine morphology during pregnancy in T. vulpecula is consistent with that of eutherian mammals with the same placental mode, variability in uterine morphology among marsupial species suggests that morphology may not be related to placental type in marsupials. Marsupials in the clade Didelphidae (including M. domestica) are ancestral and display reproductive traits of the marsupial common ancestor (Freyer et al. 2003) . Many of these traits also characterize pregnancy in the clade Phalangeridae (including T. vulpecula), particularly a decrease in histotrophic nutrition and a lack of maternal recognition of pregnancy (Freyer et al. 2003) . In contrast, macropodids (including M. eugenii), display many derived reproductive characteristics (Freyer et al. 2003) . As the marsupial common ancestor likely had invasive implantation (Zeller & Freyer, 2001; Freyer et al. 2003) , non-invasive attachment has most likely arisen independently in phalangerids and macropodids. Hence, differences in uterine remodelling among marsupial species with non-invasive attachment may reflect different evolutionary histories. Comparison of uterine changes between marsupial species demonstrates that much of the uterine remodelling in marsupials, unlike eutherian mammals, may not be related to mode of attachment and may instead reflect evolutionary relationships between marsupial lineages.
